Introduction
Aircraft jet engines directly emit aerosols and condensable gases, such as water vapor (H20) and sulfur dioxide (SO2) which lead to the formation of new liquid (volatile) sulfuric acid (H2SO4), particles in the early plume by gas-to-particle conversion (nucleation) processes. Soot aerosol formed during incomplete fuel combustion constitutes part of the nonvolatile particle fraction. The newly formed particles grow by condensation and coagulation amongst themselves and with the background aerosol.
Aviation-produced particles may influence the state of the atmosphere in various ways. For example, they provide surfaces for heterogeneous chemical reactions. Heterogeneous reaction rates depend on the chemical characteristics of aerosols. For example, the reaction probabilities of N205 on NH4HSO4, formed by reaction of H2SO4 from aircraft with ammonia in background air, show a strong dependence on relative humidity and temperature, decreasing with lowering relative humidity and increasing temperature (Mozurkewich and Calvert, 1988). In contrast, measurements of N205 hydrolysis on H2SO4 particles show only a weak dependence on temperature and relative humidity (Hanson and Ravishankara, 1991) . Therefore, it is important to determine the enhancement of H2804 aerosol by aircraft in relation to the fraction of those particles that are neutralized to (NH4)2SO 4 in order to assess the atmospheric chemical modification potential of aircraft-produced aerosol. Aviation-generated aerosols also form a sink for condensable gases, they absorb or scatter radiation directly, and they change cloud properties which may affect radiation indirectly. In order to assess those effects, aviation-produced aerosol characteristics have to be determined in relation to background aerosol properties. In this paper we show that increases in H2SO 4 aerosol are also detectable in the vicinity of commercial aircraft flight corridors away from dedicated aircraft plumes. The measurements were made during the Subsonic Assessment-Ozone and Nitrogen Oxide Experiment (SONEX). A stable atmosphere on 23 October 1997 separated air masses containing flight corridors above 10 km from air masses below 10 km that were not affected by air traffic. Temperature profiler data determined a height of the tropopause that was above DC-8 flight levels by at least 1 km throughout the flight, thereby eliminating stratospheric intrusions. The aerosol characteristic that determines both heterogeneous reaction rates and light scattering properties is the particle surface' area density. Single-instrument CN measurements do not permit a' determination of particle surface area, because they constitute a bulk particle density without significant information on particle size. The only information about particle size that is available from CN measurements is a detectable minimum size which depends on the supersaturation at which CN counters are being op- From those log-normal parameters follow particle surface area densities A1 = 0.81 gm 2 cm '3 and A2 = 0.60 gm 2 cm '3 and particle volume densities V1 = 0.057 gm 3 cm '3 and V2=0.014 gm 3 cm '3 for air sampled below and above 10 km pressure altitude, respectively. The importance of this result is the fact that aircraft operations do not enhance either particle surface area or particle volume of aerosol larger than 0.05 gm radius, in spite of a significant increase of fine-particle concentration.
Particle concentration, surface area and volume densities have been derived independently from log-normal curve fits by integrations over number (shown in Fig.3 The differences between results from the log-normal curve fits and those derived by numerical integration lie within experimental error. Both data sets show that particle concentration is the only aerosol characteristic that is significantly enhanced in air masses that are affected by aircraft operations, whereas surface area and volume densities are not. Fig.3 indicates that those aircraft-produced particles are smaller than 0.1 grn diameter. A comparison of the results of Fig.3 with those of Fig. 1 suggests that the majority of those particles are smaller than 0.05 gm, hence fall in the (0.003-0.05) gm size range. It is this small size that renders aircraft-generated sulfuric acid particles unimportant for either aerosol surface area or volume. Their coagulation with other aerosols, however, may affect the surface characteristics of those aerosol particles by (partially) coating them with sulfuric acid. Thus it is possible that particles that are initially hydrophobic, such as soot, are converted to effective cloud condensation nuclei to potentially affect the cloud particle sizes and concentrations and thus cause indirect effects.
The Ames Wire Impactor samples were also analyzed for soot aerosol which is identified morphologically by the fractal nature of soot particles, thereby distinguishing them uniquely from other aerosols (e.g., Pueschel et al., 1992) . Those results are also shown in Table 1 . From this data it follows that, in contrast to a significant effect on the sulfuric acid fine-particle abundance, aircraft leave no measurable imprint on the soot aerosol characteristics. In fact, contrary to what applies to H2SO 4 fine particles, soot aerosol above 10 km is less abundant than below 10 km altitude. Of particular note is the fact that the morphologically determined soot aerosol comprises a mere few percent of the total aerosol. In contrast, the non-volatile aerosol fraction identified by preheating air prior to entering a CN counter (Fig. 1 and Fig.2 ) amounts to up to 13%. In order to resolve this discrepancy, one has to assume that either CN counters detect refractory aerosols other than soot, including only partially evaporated (NH4)2SO4, anti'or chemions, or that the majority of soot particles are too small (<0.05 grn) to efficiently be collected by inertial impingement on wire impactors. The latter assumption is doubtful, because electron-microscopic analysis of soot fractals shows that individual soot spherules are large enough to be collected by wire impactors. Because the supersaturations in CN counters are extremely high, the possibility exists that they possibly count chemions which are generated in aircraft jet engines (Yu and Turco, 1997). We, therefore, caution against an unqualified interpretation of non-volatile CNs as soot particles.
Summary
A sub-adiabatic lapse rate, amplified by several inversion layers at various altitudes, prevented vertical exchange of air masses during a cross-corridor flight out of Shannon on 23 October 1997. Air mass back trajectories showed that air parcels reaching the aircraft had been over the Atlantic Ocean for at least 5 days Ames wire impactor samples, collected concurrently with the fine particle measurements, showed that only particle number -density was influenced by aircraft. Neither particle surface area nor volume densities were affected because of the small size (0.003<R<0.05 gm) of the aircraft-generated particles. Thus, a direct radiative effect of aircraft-produced aerosol is not to be expected. However, coagulation with the aircraft-generated sulfuric acid particles could render hydrophobic aerosols, such as soot, to become cloud condensation nuclei and thereby constitute an indirect effect.
